Conclusions Refractive surgery may be performed successfully in patients with accommodative and nonaccommodative strabismus. However, great care must be taken when determining patient suitability. This is of particular importance in young hyperopic patients to prevent decompensation of ocular alignment over time.
INTRODUCTION
Refractive surgery in patients with strabismus may carry a greater risk than in the normal population. The risk of decompensation of strabismus and the development of diplopia are feared complications. Successful outcomes following refractive surgery in these patients have been reported. 1e10 Patients with accommodative strabismus may benefit from refractive surgery due to the potential to correct both the refractive error and strabismus simultaneously. We report our experience of refractive surgery on myopic and hyperopic patients with accommodative and non-accommodative strabismus, and those with a history of strabismus surgery.
METHODS
Institutional approval for this prospective study was granted by the Review Board of The Mater Private Hospital, Dublin. Consecutive patients with strabismus who underwent refractive surgery at our unit from November 2005 to February 2008 were included in the study. Patients underwent laser in situ keratomileusis (LASIK), laser epithelial keratomileusis (LASEK) or Artisan phakic intraocular lens (IOL) implantation (Ophtec BV, Groningen, The Netherlands). The aim of surgery was to improve unaided vision in all patients and to improve ocular alignment in those with accommodative strabismus. A detailed ophthalmic history was obtained, including information regarding previous strabismus surgery, patching, orthoptic exercises and episodes of diplopia. Uncorrected (UCVA) and best-corrected visual acuity (BCVA) were measured. Patients with amblyopia worse than 6/18 in one or both eyes were not selected for surgery. Manifest and cycloplegic refractions were measured. Hyperopic patients with greater than 2 D difference between both measurements were considered unsuitable for surgery. Slitlamp and fundal examinations, corneal topography (Orbscan, Bausch & Lomb, Kingston-upon-Thames, UK) and aberrometry (Zywave, Hartman Shack aberrometer, Bausch & Lomb) were performed in all cases. Each patient underwent an orthoptic examination, which included covereuncover and alternate cover tests for distance and near with and without the targeted optical correction. Assessments of stereoacuity and motor fusion were performed while wearing normal correction. Motor fusional amplitudes were measured using a prism bar while the patients wore their normal correction to a near (33 cm) accommodative target. Patients' base in followed by base out break points was recorded. Suppression scotomas were mapped. Patients were also examined to determine the effect of over-and undercorrection of refractive error on ocular alignment and the risk of inducing postoperative diplopia. This was achieved by the use of trial frame lenses to simulate over-/undercorrection of the patient's manifest refractive error. Keratorefractive surgery was performed using the Technolas 217z laser platform (Bausch & Lomb), and all procedures were performed by one surgeon (MO'K). The manifest refractive error was treated in all cases. At 1-year follow-up, UCVA, BCVA, refractive error and ocular alignment were reassessed.
Statistical analysis was performed using the paired Student t test for pre-to postsurgery comparison. A p value of <0.05 was deemed to be statistically significant. 
RESULTS

Twenty
Partially accommodative esotropia
LASIK was performed on six eyes of three patients with partially accommodative esotropia (table 2).
Preoperative BCVA was better than or equal to 6/9 in five eyes and 6/18 in all six eyes. Preoperatively, mean MRSE was +3.160.6 D. The mean angles of deviation for near and distance without optical correction were 2668.5 PD and 23.767.1 PD respectively. With optical correction, the measurements were 18.064.0 PD and 5.361.2 PD for near and distance respectively. These patients had no diplopia and no discernible binocular function due to the presence of suppression scotomas.
One year postoperatively, UCVA was better than or equal to 6/6 in four eyes, 6/9 in five eyes and 6/18 in all six eyes. There was no loss of BCVA. MRSE was within 60.5 D in five eyes and within 60.75 D in all six eyes. The mean postoperative angles of deviation for near and distance were 16.763.1 PD for near and 5.362.3 PD for distance. These measurements were significantly improved from preoperative angles without optical correction, p¼0.10 and p¼0.08, respectively.
Non-accommodative esotropia
Four patients had non-accommodative esotropia (table 3) .
One patient had no motor fusion due to the presence of a suppression scotoma in one eye. The remaining three had preoperative motor fusional amplitudes ranging from 2 PD base in to 45 PD base out. Patient 13 was esophoric for near but became manifest with diplopia on distance viewing. She wore prisms in her glasses for driving. Postoperatively, no change in angle of deviation occurred, and the patient continued to wear prisms. Patient 14 had manifest esodeviation for near and distance. The angle of deviation increased for near on wearing myopic correction. Bilateral LASIK was performed, resulting in an increase in esodeviation for near to the preoperative angle measured with optical correction. 
Exodeviations
Refractive surgery was performed on 12 patients with exodeviations (table 4) . Preoperatively, motor fusion was found in eight patients, and motor fusional amplitudes ranged from 10 PD base in to 45 PD base out.
In six patients with exotropia (17e22, table 4) the angle of deviation improved following correction of myopia. The mean MRSE treated was À5.563.9 D. The mean preoperative angles of deviation for near and distance were 19.8610.8 PD and 28.2615.3 PD respectively. At 1-year follow-up, UCVA was better than or equal to 6/6 in 10 eyes and 6/9 in the 11 treated eyes. All eyes were within 60.5 D of emmetropia. The mean angles of deviation for near and distance were 7.364.5 PD and 17.5613.4 PD respectively. The postoperative reduction reached statistical significance for near (p¼0.01) but not for distance (p¼0.08). Patient 22 had a high myopic anisometropia and exotropia worse for distance than for near. The angle of deviation improved postrefractive surgery, following which strabismus surgery was performed. A line of BCVA was gained in the highly myopic eye.
The angle of deviation remained unchanged in four further patients, with exotropia following refractive surgery (23e26, table 4).
Of these, one patient had intermittent exotropia, and two had an additional vertical deviation. Three patients were myopic, and one hyperopic. Three patients had unilateral suppression and no detectable stereopsis. Vertical deviation was also unchanged postoperatively.
Two myopic patients had exophoria with a history of surgery for exotropia in childhood (27, 28, table 4). One had an additional vertical deviation. Following refractive surgery, a decrease in exophoria was observed in both patients. A reduction in the vertical deviation also occurred.
DISCUSSION
In this study, we performed refractive error correction in patients with various forms of accommodative and nonaccommodative strabismus. Excellent visual and refractive outcomes were obtained. Following a thorough preoperative assessment including orthoptic examination, we selected patients deemed to be at low risk of postoperative decompensation of strabismus and diplopia. Postoperatively, all patients with fully accommodative esotropia were orthophoric or were controlled to their preoperative microtropia wearing spectacle correction. In those with partially accommodative strabismus, refractive surgery corrected that part of the strabismus due to hyperopia. Preoperative counselling is of crucial importance to explain that the aim of surgery in addition to improving unaided acuity is to obtain a similar angle of deviation to that present preoperatively with optical correction. In situations where both refractive and strabismus surgery are planned, it is advisable to first correct the refractive error. This allows for potential changes in the angle of deviation to alteration of refractive error. In this study, patient 22 had in excess of 13 D of myopic anisometropia and had significant improvement in ocular alignment postrefractive surgery. Strabismus surgery was then performed to correct the residual exotropia.
The approach to refractive surgery in patients with strabismus differs from that in other patients, and additional investigations are required. A detailed history is mandatory, asking in particular about the need for patching, orthoptic exercises or strabismus surgery in childhood. Patients should be questioned regarding episodes of diplopia. Where glasses are worn, they should be checked for the presence of a prism, and the prescription should be verified. Ocular motility should be carefully assessed using both the covereuncover and alternate cover tests with and without optical correction for both distance and near. An orthoptic examination should be performed in all potential refractive surgery patients with strabismus. Assessment of motor fusional amplitudes is of importance. Kowal et al have proposed that a horizontal fusion range of at least 5 PD base in and out should be present in patients with greater than 2 D of latent hyperopia. A small fusional reserve may be inadequate to maintain orthotropia over time as the latent hyperopia becomes manifest. 11 Where present, the size and depth of suppression scotomas must be measured in order to determine the risk of postoperative diplopia.
Fully accommodative esotropes are a group particularly suited to refractive surgery with the potential to correct both the refractive error and strabismus simultaneously. However, as with all hyperopes, treatment of the appropriate refractive error is of paramount importance to ensure the best outcome in both the short and long term. In all cases, correction of the manifest hyperopia should be performed. This is defined as the maximum plus that permits threshold visual acuity. Latent hyperopia refers to hyperopia controlled by ciliary body tone. This can only be determined on cycloplegic refraction. With increasing age, latent hyperopia becomes manifest, and this needs to be taken into consideration in the treatment of hyperopic patients. In this study, we did not perform refractive surgery on patients with more than 2 D of latent hyperopia. Reduction in the angle of deviation has been reported in patients with fully and partially accommodative esotropia post-LASIK. 1 2 Sabetti et al obtained similar results using photorefractive keratectomy (PRK) and LASIK in patients with fully accommodative esotropia. 3 Successful outcomes post-PRK in patients with fully and partially accommodative esotropia have also been reported by Nucci et al. 4 5 A number of studies have involved surgery on children.
6e8 However, a note of caution is raised by Philips et al who performed bilateral LASIK on 15 patients ranging in age from 9.1 to 18.8 years with fully and partially accommodative esotropia. 6 MRSE treated ranged from +3.75 to +8.50 D. No loss of BCVA occurred, but 47% required enhancement due to regression. Limited reports are available in the literature regarding refractive surgery in patients with non-accommodative strabismus, but successful results have been obtained. 9 Nemet et al reported correction of exotropia in two patients following LASIK for myopic anisometropia. 10 The mainstay of management of accommodative esotropia comprises refractive error correction with contact lenses or glasses. However, the ability to improve both ocular alignment and visual acuity by performing refractive surgery is an exciting possibility, but there are certain caveats. First and of utmost importance, consideration must be given to the lower age limit at which this surgery may be performed. Younger patients usually have greater degrees of latent hyperopia. Therefore, while outcome, both visual and in terms of ocular alignment, may be excellent in the short term, latent hyperopia will in time become manifest, resulting in refractive regression and return of strabismus as discussed above. It is for this reason that great care is taken particularly when considering surgery in children, as refractive surgery may not offer the best long-term outcome.
The choice of refractive procedure and refractive error treated are also important issues. Surface laser procedures such as LASEK and PRK are less commonly used in the treatment of hyperopia. Spadea et al showed that LASIK provided faster and superior refractive stability compared with PRK with regression towards initial refractive error occurring over a 2-year follow-up period in the latter group. 12 Autrata et al reported better refractive stability and predictability with hyperopic LASEK compared with PRK. 13 To date, no studies have compared hyperopic LASIK and LASEK. However, O'Brart et al obtained excellent refractive and visual outcomes following LASEK in the treatment of hyperopia up to 5.0 D.
14 Minimal complications were encountered, and refractive stability was maintained from 6 to 24 months postoperatively. Correction of hyperopia >4e5 D has been associated with higher regression rates and less predictable refractive outcomes. 15 16 This may explain in part the high re-treatment rate reported by Philips et al who treated up to +8.5 D. 6 We chose to implant phakic IOLs in patients with hyperopia in excess of 4 D. These lenses have been shown to be safe and effective for refractive error correction. 17 18 A minimum anterior chamber depth of 3.2 mm is required, however, which may exclude many hyperopic patients.
In conclusion, refractive surgery may be safely performed on carefully selected patients with accommodative and nonaccommodative strabismus. Thorough preoperative examination to assess the risk of postoperative decompensation and diplopia is of paramount importance, as is patient counselling. In situations where strabismus surgery is also planned, refractive error correction should be performed beforehand. Treatment of patients with accommodative esotropia is particularly exciting, as it may benefit many younger patients. However, issues such Table 3 
